Water quality is an important determinant of diarrheal illnesses, especially affecting children in sub-Saharan Africa. Orphans and vulnerable children (OVC) in sub-Saharan Africa are at increased risk of poor quality drinking water, and therefore of diarrheal illness. The present study assesses primary drinking water source and typical household water purification among OVC households involved in a multi-sectoral empowerment program in semi-rural Kenya. Findings show water purification practices, but not water source, significantly increase with more time in the program.
INTRODUCTION
The United Nations Millennium Development Goals (MDGs) set aside goal seven to address environmental sustainability especially in relation to safe drinking water access and basic sanitation. Target 10 of goal seven states, 'To halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation' (Millenium Project ) . For water, the UN MDG target was met in 2010, with an impressive 2.3 billion people gaining safe drinking water access over 12 years. However, improving access has been uneven, with rural and lowest income communities falling behind. Despite the improvements to safe drinking water access over the past couple of decades, a half million total deaths each year worldwide are still attributed to unsafe or inadequate water consumption alone (World Health Organization ).
Water access is generally defined in three categories, 'unimproved', 'other improved', and 'piped' water (Clasen et al. ; Wolf et al. ) . Piped water is generally piped to the household premises, reducing time required to fetch water, increasing the quantity of water, and in more developed areas ensuring less contaminated water (Clasen et al. ) . Piped water has been found to reduce childhood diarrhea (Jalan & Ravallion ) . In some countries, piped water has not been found to reduce microbacterial contamination beyond that of other improved sources (Onda et al. ) . Other improved water sources include public taps, stand pipes, tube wells, boreholes, protected dug wells, protected springs, and rainwater collection (Bain et al. ) .
Improved water sources significantly limit the probability of contamination by reducing exposure to outside air (Bain et al. b) , but may continue to pose some risk to consumers (Prüss-Ustün et al. ). Since even improved water sources may contain contamination, efforts to purify water remain important to reduce the risk of diarrheal infection and death (Clasen et al. ) . Piped water has been found to be more likely contaminated in countries with lower per capita income and in more rural areas as compared to urban or semi-urban areas (Bain et al. a) .
Correspondingly, efforts to reduce the burden of diarrhea, along with other water-borne diseases, benefit from increasing access to improved water and purifying water prior to consumption in high risk areas (Prüss-Ustün et al. ) .
Consistent use of household-based water treatment and safe water storage can reduce the incidence of diarrhea by 28-45% (World Health Organization ).
To reduce the risk of illness from contaminated water, household purification of water prior to consumption is recommended regardless of point source (Wright et al. ) . water from an improved water source that has been decontaminated prior to consumption is important for reduction of household risk of diarrhea.
Geographic and household characteristics influence the probability that a household's primary source of drinking water comes from an improved water source and is appropriately treated prior to consumption. At the global geographic level, sub-Saharan Africa has a higher population-attributable fraction (0.38) of diarrheal illnesses due to inadequate water than any other World Health Organization region (Prüss-Ustün et al. ). As an example of household-level characteristics, a recent study in Ghana found that education, income, and household location significantly predicted use of improved water in urban areas (Mahama et al. ) .
In sub-Saharan Africa, households with orphan and vulnerable children (OVC) may be at greater risk of diarrheal illness (Watts et al. ) , although the literature on this point is limited. Paternal orphans in South Africa have significantly less access to improved water source than non-orphans, a difference that has not been found among maternal orphans (Case & Ardington ) . The increased risk of non-piped water sources among paternal orphans has been explained by the lower earning potential of households missing an adult male (Ardington & Leibbrandt ) .
Limited access to piped water is significantly associated with reduction in completed schooling among OVC in South Africa (Chuong & Operario ) . Factors influencing household efforts to purify water among OVC have not been explored in the literature.
Given the presence of more than 40 million OVC across sub-Saharan Africa (United Nations Children's Fund (UNICEF) ), the known risks conferred by OVC status including lack of access to piped water (Case & Ardington ) and lower education (Andrews et al. ) , and the global impact of diarrheal illnesses (Bain et al. a) , understanding factors predicting improved water source and household purification practices is essential for reducing the possible increased risk of diarrheal illnesses.
As the world moves forward to achieve the water, sanitation, and hygiene (WASH)-related objectives of the SDG, community-based programs specific for vulnerable populations will be vital to achieving universal drinking water access by 2030. Given the multifaceted and ecological influence on water access and water purification, community empowerment programs for OVC could be one way to address the needs of this under-served population. Utilizing empowerment programs that do not necessarily specifically focus on clean water access but include it as part of a larger, multidisciplinary program can lend to water access sustainability and pooling of resources to most effectively meet several interwoven needs. In rural Kenya, social capital and collective action were shown to be an important part of instigating water-related behavioral change (Bisung et al. ) . Social support networks and collective efficacy are important constructs for the success of water-related behavioral interventions in low and middle income countries. (Dreibelbis et al. ) Self-efficacy, knowledge, and risk perception are also important individual-level attributes to the social-behavioral models related to WASH. Programs, such as the one highlighted in this study, may be useful in improving safe drinking water-related behaviors, utilizing constructs in WASH social-behavioral models within the OVC community.
The importance of community involvement is currently recognized as part of the water-related SDG goal measures (United Nations ). Current literature exploring the impacts of community-based efforts to improve water quality is limited (Wolf et al. ) , and would benefit from assessing predictors of water source and purification among a community-based program targeting OVC in sub-Saharan Africa.
METHODS

Study aim
The present study evaluates the association between use of improved water sources for primary drinking, household water purification practices and participation in a community-based empowerment program targeting OVC-sibling households. Covariates related to program activities, OVC well-being (economic and other socio-behavioral aspects), and demographic characteristics were included in further analyses to explore associations between these characteristics and the utilization of improved water and household purification practices.
Program description
The faith-based program, Zoe/Giving Hope, emerged in response to the orphan crisis in Rwanda following the geno- Working groups from similar geographic regions meet every month to share insights and further decrease the stigma associated with orphan status. There are 12 regional locations in the Kenya program. Working groups enter the program at the same time, and group families have roughly equal program exposure. Regional meetings include program participants from all three active program years.
Study design
Data were collected by trained and paid program participants over 18 years old in a cross-sectional survey using a structured questionnaire in March 2014, before new program participants had received program benefits. All interviews were conducted at one of 12 monthly regional meetings, and interviewers conducted interviews only at locations that were non-adjacent to their own region to reduce social response bias. All participants in attendance at their regional meeting were invited to participate, with 1,060 respondents providing informed consent and two participants abstaining. The present discussion represents one aim among others in the study of this program, and the sample size for this aim was 1,005 total or 335 per each of the three recruitment years.
Response variables
The interview recorded one of 14 different possible sources of primary drinking water for the respondent's household, using the Multiple Indicator Cluster Survey question (UNICEF ). Water source was recorded in two separate ways, reflecting current debates in the literature (Wolf et al. ) .
It is well established that water sources that limit exposure to outside air reduce contamination and provide protection against water-borne diseases (Bain et al. b) , but it is not clear how much safer piped water is compared to other improved, non-piped water in low-and middle-income countries (Wolf et al. ) . Water source was therefore categorized as piped, other improved, and unimproved.
Unimproved water included primary drinking water from unprotected wells or springs, carts with small tanks, tanker trucks, surface water, and bottled water. Piped water included water that was piped into a dwelling, yard or plot. Other improved water included water from tube wells, borehole wells, protected wells or springs, a public tap or standpipe.
Water purification prior to consumption was measured by asking respondents if they regularly treated water by boiling, chlorination, or filtration prior to drinking it. No effort was made to measure how regularly water was treated, appropriateness of water storage between purification and consumption or bacterial content of the water immediately prior to ingestion.
Covariate description
The primary measure of exposure to the program for the purpose of this study is the number of years in which a respondent has been active in the program. This was coded as 1, 2, and 3, representing participants in their first, second, and third program year. The measure was analyzed as a continuous variable.
To explore how the program functions with respect to water source and purification practices, we recorded and included in the analysis the following indicators: amount of money received, whether the respondent had received a start-up kit, had used program funds to begin a business, pay school fees, and invest in farm production. With the exception of the amount of money received, receipts of all program inputs were binary coded.
The financial, other socio-behavioral, and demographicrelated aspects expected to be related to OVC well-being included factors related to nutritional adequacy and quality, school years completed, general self-efficacy (GSE), multiple sex partners in the past year, and household financial and economic circumstances. Each of the variables within these domains of OVC well-being were considered in statistical model development. Food security was recorded as the frequency with which a household went without sufficient food over the previous 12 months: 'often', 'sometimes', 'rarely', and 'never'. Food insecure was categorized as 'often' or 'sometimes' without sufficient food and food secure was defined as 'rarely' or 'never' without sufficient food. Primary source of food was recorded as 'grown', 'purchased', 'borrowed', and 'received as gift'. Food independence was defined as primary source of food that is 'grown' or 'purchased', indicating the degree of reliance on non-household food sources.
Measures of nutritional adequacy and quality included the
Years of school completed were recorded and included as a continuous variable in analyses.
Self-efficacy tends to be lower among OVC than non- 
Data analysis
Three main comparisons drove our analysis. The first statistical model compared respondents who reported that they regularly purify water prior to consumption with respondents who reported they did not regularly purify water prior to consumption. The second model compared respondents whose primary drinking water source was an improved source (piped or otherwise) with respondents whose primary drinking water source was an unimproved source (e.g., surface/unprotected water, tanker truck, etc.).
The third model compared respondents whose primary drinking water source was piped with respondents who had some other improved primary water source (e.g., a borehole or rainwater). Logistic regression models were used to make these comparisons, accounting for the hierarchical structure of the data at the level of the working group. In order to account for regional variation, we included each of the 12 regional locations in all regression models.
The modeling process followed the same strategy for each of the three models. Full models were assessed initially, and included all variables related to demographic, financial, food access and nutrient diversity, and socio-behavioral characteristics. Age, gender, income, and program participation were maintained in all models. Alpha cutoff for other variables was predetermined to be 0.05. To simplify interpretation, self-efficacy was recoded into deciles rather than kept on its raw scale.
With the exception of regional location, all variables that were included in final analyses are presented in Table 1 in a univariate fashion, comparing each related value within the higher strata of program participation to the value among respondents in their first year. In the case of using funds to cultivate land, the comparison is made only between respondents in years 2 and 3 because respondents in year 1 had not received funds with which to cultivate land.
Data were entered in EpiInfo v.7 and analyzed in STATA v.13.
Ethical review
The Committee for the Protection of Human Subjects at the University of Texas Health Science Center provided ethical review and approval for the use of program-collected secondary data for present analysis.
RESULTS
As can be seen in Table 1 , roughly two-thirds of respondents were female. The median age for each of the three program FCS measured using World Food Programme measure of food consumption (Wiesmann et al. 2009 ).
Self-efficacy taken from GSE scale (Schwarzer & Jerusalem 1995) , transformed into deciles for easier interpretation. # Income recorded in Kenyan shillings and converted to US dollars using conversion rate 83 Kenyan shillings ¼ 1 USD.
years was 18, 18, and 20, respectively. Only 25% of respondents had fathers that were still alive. Food consumption and security significantly increased with more program exposure. The median self-efficacy score did not change across program years in univariate analysis. Percentage of respondents reporting multiple sex partners in the past
year did not change significantly across program years in univariate analysis. Monthly income and spending savings both increased with more time in the program. Table 2 shows the multilevel logit model for participants reporting regular use of at-home water purification prior to consumption and relevant risk factors related to demographics, finances, regional location, and behavioral covariates.
After controlling for the other risk factors, the odds of reported use of at-home water purification increased significantly with the number of years of program participation.
For every year increase in program participation, there was a 37% increase in the odds (OR ¼ 1.37, 95% CI ¼ 1.11-1.67) of using at-home purification compared to the 2014 cohort (those newest to the program). Female participants had over two-times higher odds (95% CI ¼ 1.61-3.03) of using at-home water purification compared to their male counterparts. Age of participant was not significantly associated with use of at-home water purification. There was regional variation in the practice of water purification, with respondents in Kangeta reporting half the odds of reporting typical water purification compared to respondents in the comparison region. The opposite association was found comparing Athiru Ruujine to the comparison region.
Two risk factors related to financial and food security were significantly associated with use of at-home water purification. Participants who reported being food secure also had greater odds of regularly using at-home water purification methods (OR ¼ 1.32, 95% CI ¼ 1.13-1.55.
Respondents that spent savings in the last year has a nearly 2.5-fold increase in odds of using at-home purification compared to counterparts who did not spend savings in the last year.
Significant socio-behavioral aspects included overall self-efficacy and multiple sex partners in the past year. For every decimal increase in GSE score, participants had 6% increased odds of using at-home purification. More strikingly, those who reported having multiple sex partners in the past year had nearly half the odds (OR ¼ 0.33, 95%
CI ¼ 0.16-0.69) of using at-home water purification than those who did not report having multiple sex partners in the last year. Significant interaction between gender, multiple sex partners, and water purification was found.
Among respondents with multiple sex partners in the past year, females had much greater odds of reporting they regularly purified water than did males. Global Wald (p) 120.01(<0.001) *Indicates P < 0.05; **indicates P < 0.01; ***indicates P < 0.001.
Program year includes three levels, each corresponding to the number of years participants have been involved in program.
Food consumption category taken from World Food Programme measure (Wiesman et al.
2009).
Self-efficacy taken from GSE scale (Schwarzer & Jerusalem 1995) , transformed into deciles for easier interpretation.
The multilevel logit model for participant use of improved versus unimproved water source and other related co-factors are presented in Table 3 . In contrast to the model from For each year increase in school attendance there was a 6.6% increase in the odds of using an improved water source (95% CI ¼ 1.01-1.13). Self-efficacy was again significantly associated with use of improved water sources in the Among participants that used some source of improved water source (n ¼ 607), Table 4 shows the multilevel logit model of participant use of piped water versus other improved water sources with other covariates. Similar to comparisons between use of improved and unimproved sources in Table 3 , program year and age were not significantly associated with access to piped water on the premise when controlling for the other risk factors.
Reported monthly income was not significantly associated with using piped compared to other improved sources. Individuals who were classified as food secure had twice the odds of using piped water compared to individuals classified as food insecure. Those who utilized program funds to cultivate land also had lower odds of using piped water compared to those who used program funds for other reasons (OR ¼ 0.37, 95% CI ¼ 0.23-0.58). Two regions were associated with lower odds of piped water, Kiengu and Kipkona.
DISCUSSION
The primary aim of this study was to assess the associations between safe water and participating in a community-based empowerment program targeting OVC families, represented by an older sibling in the program who is often the head of household. Safe water access was measured through two Program year includes three levels, each corresponding to the number of years participants have been involved in program.
Living father indicates whether the respondent's father is still living or not. Reported monthly income was measured in Kenyan shillings (KES) and converted to US dollars Contrarily, having more than one sexual intercourse partner in the previous year was associated with significantly decreased odds of typically purifying water prior to consumption. Finally, respondents from one of the regions with significantly lower odds of improved water had significantly higher odds of water purification. This may be a sign of successful water safety promotion in the area given the lack of improved water sources.
There are several possibilities that could explain the gender discrepancy in reported use of at-home water purification. Females tend to carry more burden of care within OVC households (Akintola ; Olowu ). It is possible that they are more familiar with water purification practices within the household, thus leading to a possible systematic response bias among males to under-represent water purification practices, females to over-represent water purification practices, or both. It is also possible that female heads of households are more likely to purify water prior to consumption than are males in Meru culture. It is possible that females within this population offer more diligent care, or are more concerned with learning how to prevent disease, or other factors related to water purification behavior that lead to odds of typical water purification that are twice those of male respondents. The differences related to the more diligent use of water purification among males and females are theorized to be linked with differences in perceived risk in behavioral models. A study conducted by Respondents who spent savings in the past year had lower odds of piped compared to other improved water.
Having savings to spend indicates the respondent is likely less vulnerable to financial shocks than not having savings (Barrett et al. ; Chowa & Ansong ) . It is possible that having saved funds to spend indicates a greater degree of planning and future-orientation, which may also promote water purification. More study of the associations between financial vulnerability and IBM-WASH behaviors among OVC is warranted.
Respondents with more than one sex partner in the previous year had significantly lower odds of typically purifying water prior to consumption. Water purification and fewer sex partners may represent concern for personal health, or knowledge of pro-health behaviors, and could also indicate a tie to perceived threat and knowledge understood within an IBM-WASH framework. To our knowledge, this is the first paper to identify an association between these two behaviors in the OVC population of sub-Saharan Africa. ). The present study found significant effect moderation between multiple sex partners and gender. The finding that males are less likely to report water purification before consumption is significantly amplified when participants engage with multiple sex partners. Young men who may be more likely to engage in risky sexual behavior may also be likely to have risky water consumption habits. In addition to the IBM-WASH construct of risk perceptions, impulsivity may also play a role in this interaction. Given the importance of impulsivity to a wide range of developmental and prohealth behaviors (Hofmann et al. ) , and the importance of parental involvement to demoting impulsivity among males especially, it is curious that it has received such little research in the context of sub-Saharan African OVC.
These data indicate the need for further evaluation of impulsivity among OVC in Kenya and across the sub-continent.
Insofar as propensity to riskier behavior is partially driven by lack of parental involvement among orphans, an assertion that is currently unexplored in the sub-Sahara Afri- 
Improved vs unimproved water source model
The second model examined the use of any improved source to use of an unimproved source for primary drinking. The model showed that increased personal monthly income, overall self-efficacy, and more school completion predicted higher odds of improved water source usage. Participation in the program itself did not significantly predict use of improved or unimproved water.
As found previously ( Piped vs other improved water source model
As it is not certain whether there is a reduction in risk associated with using piped water as opposed to other protected, improved sources, the second model assessed factors associated with piped compared to other improved sources.
The covariates found to be associated with the odds of having piped water as opposed to other improved water, and the fact that these covariates largely differed from the any improved vs unimproved model, were interesting. Respondents who used program funds to cultivate land for agricultural purposes had significantly lower odds of piped water compared to respondents who did not use funds for this purpose. This finding may point to a benefit of community-based allocation of resources: those with greater need for program resources may have higher odds of receiving them, and respondents with piped water may have lower need of resources to cultivate land compared to respondents with other improved water sources. Food insecurity was lower among those with piped water, supporting the interpretation that those with other improved water sources had a greater need to cultivate their land in order to increase crop production.
Economic security measures, including monthly income, using savings, and food security indicators are generally well associated throughout all the models. Programs addressing these targets, especially those that address collective efficacy and community-based decision-making, are well poised to be included in an overall strategy to improve aspects of IBM-WASH. Although the program aims may not explicitly focus on improving water source and community action to increase access to improved water sources, this and similar interventions could in the future be excellent launching points for such efforts due to built-in concepts of community-based decision-making and collective efficacy.
Limitations
Many of the limitations of this study relate to those typically involved with survey-based research. Response biases, including recall bias, social desirability bias, and information bias, are likely involved in data collection.
Respondents may be uncertain whether they typically purify water, may wish to be perceived as healthier or of higher status using improved water, or may be unaware of water purification or water source as these responsibilities may belong to other household members. These biases apply not only to the response variableswater source and household purification practicebut also would apply to covariates included in the model.
Misclassification bias may affect interpretation of results.
Water purification that involved chlorination, boiling, or filtration were categorized together, but each of these types of water purification practice may differentially affect the safety of drinking water ( The study participants were drawn from the program participants who attended their regional meeting. Since some program participants were not represented at the regional meeting, and thus could not be included in the study, there is the potential for selection bias since individuals who attended the regional meeting may have different characteristics from those who did not attend the meeting.
However, the population that did not attend the meeting was small, minimizing the potential for significant influence on the study outcomes.
Finally, a comparison group drawn from the OVC community that did not participate in the program would have been beneficial in order to strengthen the associations seen between program participation outcomes and water purification. Secondary analyses using propensity score matching showed significant program effects, but were not used in primary analysis due to the hierarchical structure of the data.
CONCLUSION
Community-conditioned cash transfer programs combining other elements of psychosocial support, household economic empowerment, and life skills training targeting OVC find support for the prospect of improving household water quality.
Such improvements may improve health outcomes, especially diarrheal illnesses affecting children, but this is beyond the reach of the present study. Other factors associated with improved water source include: school, orphan type, food consumption and security, GSE, household income and the past year's financial situation. Unexpectedly, respondents who reported more than one sex partner in the previous 12 months had significantly lower odds of reporting using piped as opposed to unimproved water, and purifying water prior to consumption. The present study demonstrates the multi-sectoral nature of water quality, as it is associated with economic, nutritional, psychological, educational, and behavioral factors.
